Experimental Study on Electrical Properties of Steel-fibre Reinforced Concrete  by Fiala, Lukáš et al.
 Procedia Engineering  151 ( 2016 )  241 – 248 
Available online at www.sciencedirect.com
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICEBMP 2016
doi: 10.1016/j.proeng.2016.07.362 
ScienceDirect
International Conference on Ecology and new Building materials and products, ICEBMP 2016 
Experimental study on electrical properties of steel-fibre reinforced 
concrete 
Lukáš Fialaa,*, Jan Tomana, Jan Vodiþkab, Václav Ráþekb 
aDepartment of Materials Engineering and Chemistry, Faculty of Civil Engineering, Czech Technical University in Prague, Thákurova 7, 166 29 
Prague 6, Czech Republic 
bDepartment of Concrete and Masonry Structures, Faculty of Civil Engineering, Czech Technical University in Prague, Thákurova 7, 166 29 
Prague 6, Czech Republic 
Abstract 
The electrical resistivity is an important parameter describing materials’ ability to conduct electric current. Dry cementitious 
materials exhibit very high value of the electrical resistivity due to their insulating nature. Indeed, the electrical resistivity of an 
oven-dried concrete is about 109 : m. However, it can be significantly decreased by a sufficient amount of electrically 
conductive admixture. Such an enhancement is beneficial in self-sensing or self-heating concrete design, but it is not convenient 
in special cases such as design of concrete used for railroad ties production. In this case, mechanical properties (tensile strength) 
need to be improved without an accompanying decrease of the electrical resistivity. In this paper, reference concrete together 
with three types of steel-fibre reinforced concrete (0.5% vol., 1% vol., 2% vol.) were prepared and analyzed in terms of 
determination of electric properties. Experiments were carried out in both, DC and AC electric regime by means of precise DC 
multimeter and LCR meter measurements. 
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1. Introduction 
In the present, studies of electric properties of cement-based materials are of high researchers’ interest. It is due 
to the fact that an addition of a relatively small amount of conductive phase leads to a significant decrease of the 
electrical resistivity [1]. This change opens up new application ways. Such materials can be used as self-sensing 
sensors [2], self-heating elements [3] or materials used for electromagnetic shielding [4]. 
Various electrically conductive admixtures, such as steel fibers (SF), carbon black (CB), carbon fibers (CF), 
carbon nanotubes (CNT), graphite powder (GP) or nickel powder (NP) were studied in the past [5] in order to 
achieve a decrease of the electrical resistivity. However, in some cases such as in production of concrete used for 
railroad ties, it is convenient to utilize fibers just to increase the tensile strength without the accompanying decrease 
of the electrical resistivity. Convenient material is supposed to be of high tensile strength which is supported by a 
higher amount of fibers. However, insignificant decrease of the electrical resistivity compared to the reference 
material without steel fibers is needed. Summarized, two contrary demands are present. On one hand, amount of 
fibers should be high to ensure a sufficient tensile strength. On the other hand, amount of fibers should be as low as 
possible in order to decrease the resistivity of such material insignificantly. 
Steel-fibre reinforced concrete is widely used due to its beneficial mechanical properties. It is a very good tensile 
strength enhancer avoiding a rapid spread of microcracks. Such behavior is useful in case of railroad ties which are 
considerably stressed. It is also beneficial from the economical point of view. The price of steel-fibre reinforced 
concrete is lower compared to the cement-based materials with other types of fibers. It should be noted that fibrous 
admixtures, no matter whether electrically conductive or not, are ordinarily studied for the sake of enhancement of 
the tensile strength, electric properties are usually not of researchers´ interest. However, electrical properties are 
crucial in case of railroad ties’ materials due to the fact that the electrical resistivity needs to be very low to ensure 
their non-conductive character. Therefore, within this paper, electric properties measured in DC and AC electric 
field were studied on four types of steel-fibre reinforced concrete that was expected to be proper for a production of 
railroad ties. Two methods of measurements were chosen, namely 2-probes DC measurement method as a fast and 
simple method affected by error due to a polarization of electrodes and more complex AC technique, not affected by 
polarization effects and providing more detailed information about resistive and capacitive character of material.  
2. Materials 
Within the study, four types of concrete specimens were prepared at the Department of Concrete and Masonry 
Structures, Faculty of Civil Engineering, CTU Prague. Namely the reference material without steel fibers and 
materials with KrampeHarex DE-30/0,6-N steel fibers in vol. 0.5%, 1% and 2%. These fibers are of 30 mm length 
and 0.6 mm width (Fig. 1). Concrete specimens were prepared in a standard way by addition of fibers to the mixture 
at the end of the mixing procedure. Mixtures approached in character to self-compacting concrete and were designed 
for the individual quantities of fibers. All specimens were then stored in the same surrounding. 
 
Fig. 1. Steel fibre KrampeHarex DE-30/0,6-N. 
Electrodes with dimensions 40 × 40 mm were painted by means of conductive carbon paint (company SPI 
Supplies) and placement of each pair of electrodes was chosen according to Fig. 2 on opposite sides of cubic 
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specimen: 1) in the middle of the top and the bottom side which was perpendicular to the direction of compaction, 2) 
in the left-top corner of the side parallel to the direction of compaction, 3) in the right-bottom corner of the side 
parallel to the direction of compaction. Different positions of electrodes were chosen in order to observe the 
influence of steel fibers homogenization in concrete mixture. Ideally, when homogenization is carried out 
thoroughly, one can expect similar results of electric properties that are not significantly affected by a chosen 
position of electrodes. However, due to the length of steel fibers (30mm) some fiber-clusters can appear in the 
bottom part of specimens. 
 
Fig. 2. Specimen with embedded electrodes (a) Front view; (b) X-ray view. 
3. Measurements
Measurements were carried out 10-, 17-, 30-days after the preparation of specimens. Specimens were finally 
dried in an oven until the mass equilibrium. Weight of all specimens was determined and the bulk density Uv (kg·m-3) 
and the moisture content w (m3·m-3) of wet specimens were calculated.  
Electric properties represented by the electrical resistivity and the electrical conductivity were determined by 
means of DC measurements. The electrical DC resistance was measured in terms of 2-probes method by using Fluke 
8846A multimeter. With respect to the shape ratio defined by the distance between electrodes and the area of 
electrodes, the electrical resistivity U (:·m) and reciprocal value the electrical conductivity V (S·m-1) were 
determined. The calculations of the electrical resistivity were performed according to formula 
l
S
R U ,   (1)
where R (:) is the electrical resistance, S (m2) is the electrode surface area, l (m) is the distance between 
electrodes (shape ratio S/l). 
AC electric measurements of the dried specimens were measured by using the GW Instek LCR-6300 LCR Meter. 
Frequency range of this device is of 10 Hz – 300 kHz. However, due to a high resistance of the studied materials, 
impedance characteristic at low frequencies is not possible to be measured (limited range of the device). Therefore, 
just a few representative frequencies were chosen. More accurate measurements in the whole frequency spectrum 
can be carried out by the impedance spectroscopy method. 
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4. Results and discussion 
The bulk density of the studied materials slightly increases with amount of steel fibers which is in accordance 
with the density of involved material phases. Results are given in Tab. 1. Moisture content of undried specimens is 
given in Tab. 2 in order to observe the influence of water content on their electric properties. It is evident that water 
in amount about 10 vol. % affects electric properties significantly. The electrical resistivity is about 2–3 orders of 
magnitude lower compared to that of dried specimens. 
Dependence of the electrical resistivity of undried specimens on amount of steel fibers for different placement of 
electrodes is summarized in Fig. 3–6. It is evident that the position of electrodes plays a significant role. The highest 
electrical resistivity was observed in position 2 which is in accordance with expectations. The lowest amount of steel 
fibers is expected to be in the top part of specimens. Oppositely, steel fibers are expected to be concentrated in 
higher amount in the bottom parts of specimens, therefore the electrical resistivity in position 3 should be the lowest. 
Surprisingly, the electrical resistivity in top-bottom direction (position 1) was not remarkably higher than in position 
3. The longer time between preparation of specimens and measurements, the higher measured electrical resistivity. It 
is valid for all the studied materials due to a drying process. However, specimens with 2% by vol. steel fibers did not 
exhibit significant increase of the electrical resistivity in time. One can expect that measurements of the electrical 
resistivity of dried specimens carried out on bottom-placed electrodes will exhibit lower values than in other two 
electrode positions as in the case of moist specimens. Despite the fact that the electrical resistivity of dried specimen 
has increased about two orders of magnitude compared to the moist ones, there is no visible influence on electrodes 
placement (there are some missing points in Fig. 6 which were out (higher) of the device measurement range). This 
behavior can be explained by a disappearance of the conductive paths that were established between the conductive 
fibers and water in moist materials. Fibers present in dried material can form just separate partially conductive 
regions that do not create conductive paths through the whole cubic specimens. 
Table 1. Bulk density of the studied materials. 
Material Bulk density Uv (kg·m-3) 
Reference 2035 
SF 0,5% 2036 
SF 1% 2093 
SF 2% 2116 
Table 2. Dependence of the moisture content (m3·m-3) on time after preparation of specimens. 
Material 10 days 17 days 30 days 
Reference 0.112 0.101 0.093 
SF 0,5% 0.114 0.104 0.095 
SF 1% 0.108 0.099 0.091 
SF 2% 0.106 0.095 0.087 
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Fig. 3. Dependence of the electrical resistivity on amount of steel fibers – 10 days after preparation of specimens. 
 
Fig. 4. Dependence of the electrical resistivity on amount of steel fibers – 17 days after preparation of specimens. 
It should be noted that the electrical resistivity measured by means of 2-probes DC technique exhibits expected 
problematic behavior concerning the change of the electrical resistivity value during the measurements which is 
caused by polarization. However, it is not crucial in case of measurements comparison. It is evident that with 
increasing amount of steel fibers, the electrical resistivity has decreasing tendency even by carried out DC 
measurements. AC electric characteristics observations conducted on dried specimens involved the resistance, the 
reactance, the impedance magnitude and the phase shift measurements at 1kHz, 10kHz and 100kHz frequencies. 
The most conductive variant of electrodes placement (position 3) was chosen for observations. Measured resistance 
and reactance of the specimens are given in Tab. 3 and Tab. 4.  
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Fig. 5. Dependence of the electrical resistivity on amount of steel fibers – 30 days after preparation of specimens. 
 
 
Fig. 6. Dependence of the electrical resistivity on amount of steel fibers – dried specimens. 
Table 3. AC characteristics of dried specimens with 0% and 0.5% of steel fibers. 
Frequency (kHz) Dried specimens Specimens with 0.5% of steel fibers 
Resistance R (:) Reactance X (:) Resistance R (:) Reactance X (:) 
1 1.08E+07 -4.30E+07 8.12E+06 -2.66E+07 
10 4.26E+05 -4.54E+06 3.93E+05 -3.35E+06 
100 3.03E+04 -5.34E+05 2.46E+04 -3.68E+05 
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Table 4. AC characteristics of dried specimens with 1% and 2% of steel fibers. 
 Specimens with 1% of steel fibers Specimens with 2% of steel fibers 
Frequency (kHz) Resistance R (:) Reactance X (:) Resistance R (:) Reactance X (:) 
1 3.79E+06 -1.18E+07 1.62E+06 -5.72E+06 
10 2.78E+05 -1.66E+06 1.31E+05 -7.75E+05 
100 2.29E+04 -1.96E+05 1.31E+04 -9.26E+04 
 
In case of dried specimens, the absolute values of the resistance and the reactance dependence on the frequency 
(range 1kHz – 100kHz) exhibits decrease about 2–3 orders of magnitude. The decrease of dried samples resistance 
and reactance on the increasing amount of steel fibers is within 1 order of magnitude for each studied frequency. In 
Fig. 7 and Fig. 8, the impedance magnitude on the frequency and the phase shift phase on the frequency is 
introduced. The impedance magnitude of dried specimens is about 1–2 orders of magnitude higher compared to that 
of dried specimens with 2% of steel fibers. All the studied materials are highly capacitive (phase shift between -87° 
– -72°). Therefore, the reactance is not negligible and needs to be taken into consideration. 
 
Fig. 7. Dependence of the impedance magnitude on the frequency, AC – dried specimens, position 3. 
Summarized, the measured electrical resistivity of dry specimens was in range of 106 – 107 : m which is in 
accordance with previous observations. The electrical resistivity of an oven-dried concrete can reach up to 109 : m 
[6]. 
The presented electrical resistivity of moist specimens was in range of 103 – 104 : m. Solgaard et al. [7] analyzed 
the dependence of the electrical resistivity of steel-fibre reinforced concrete on degree of saturation by means of AC 
method at frequency 126Hz. Amount of adsorbed water into a reference concrete placed into surrounding with 
RH=45% was 2.3 wt % and the electrical resistivity was in range of 102 - 103 : m. Taking into account factors 
leading to a decrease of measured values of the electrical resistivity, namely AC measurements at low frequency 
instead of DC measurements, the presented results are reasonable. 
5. Conclusions 
In the paper, electric properties of the reference concrete and three types of steel-fibre reinforced concrete (SF in 
amount of 0.5% vol., 1% vol., 2% vol.) were studied using DC and AC measurement techniques. In order to 
examine the effect of electrodes placement on the electrical resistivity (DC), the resistance (AC), the reactance 
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(AC), the impedance magnitude (AC) and the phase shift (AC), three positions of electrodes were chosen and 
painted on specimens by means of a conductive paste. 
 
Fig. 8. Dependence of the phase shift on the frequency, AC – dried specimens, position 3. 
Water content played a significant role on the electrical resistivity. Undried specimens (10, 17, 30 days after their 
preparation) exhibited lower electrical resistivity of about 2–3 orders of magnitude than that of dried specimens. 
Comparison of electrodes position 2 and 3 of undried specimens revealed that more conductive paths are 
available in the bottom parts of specimens which is caused by homogenization procedure. Steel fiber-clusters 
together with presence of water created more conductive paths and decreased the electrical resistivity. 
AC measurements carried out on dried specimens showed their capacitive character (the phase shift closer to -90° 
rather than to 0°). Therefore, further investigation should be devoted to AC measurements in whole frequency 
spectrum by means of impedance spectroscopy. 
Concerning the utilization of the studied steel-fibre reinforced concretes for railroad ties production; in case of 
real in-situ conditions (partially water saturated materials), the change of the electrical resistivity in dependence on 
the amount of steel fibers is within the range of one order of magnitude which is promising. However, further 
investigation with a special attention paid on various moisture saturation states is needed. 
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